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Figure 38. - Potentiometric Profiles at the Southwest Site 
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tion is attained when pore pressure in beds of fine-grained material have reached hydraulic 
equi librium with pore pressures in contiguous aquifers; at that time, specific -unit compaction 
equals gross compressibility of the system . 

Specific-unit compaction w as calculated for 10 sites (Figure 31) in Harris and Galveston 
Counties. The results of the calculations are presented in Tab le 1. The calculations show that for 
each site where estimates of specific-unit compaction were made for 1906-43, the va lues w ere 
s ignificantly less than for later periods. The smaller value is an indicator that the system was 
loaded and compacted by natural processes before ground-water withdrawal began, and that 
recompression (and subsidence) w ill be less than initial compression for the same stress. 
Estimates of specific-unit compaction need to be based on later periods for predicting rates of 
subsidence. 
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Because the specific-unit compaction is computed for periods oftime during compaction, it is 
not a measure of ultimate compaction . Residual compaction at three sites in the Houston­
Galveston region was estimated at 15-20 percent. For the ultimate subsidence, the estimated 
ultimate specific-unit compaction at Seabrook was 1.0 x 10- 4 foot- 1 (3.28 x 10-4 m- 1 ) and at 
Moses Lake near Texas City was 1.4 x 10-4 feet _1 (4.59 x 10-4 m - 1) (Gabrysch and Bonnet 
1976a,b). 

Water levels and water-level changes based on measurements in the numerous wells in the 
region, especially those presented in maps such as Figures 9-12, are representative of the parts of 
the aquifers where stress is greatest. Therefore, application of those measurements to clay 
thickness and specific-unit compaction (Table 1) will exaggerate expected subsidence. The ratios 
of maximum change in stress to average change in stress (used in calculations of specific-unit 
compaction) also are shown in Table 1. These ratios applied to the measurements in production 
wells w ill contribute to better estimates of subsidence. 
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Figure 40. - Potentiometric Profi les at the 
Lake Houston Site 
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Baker and Follett (1973, Figure 17) 
related average annual subsidence to clay 
thickness and average annual water-level 
decline in Jackson County, Texas, about 90 
miles (145 km) southwest of Houston. For the 
analysis of water-level change, six wells rang ­
i ng in depth from 68 to 345 feet (21 to 105 m) 
were used. The extensively pumped lone, 
from 250 to 600 feet (76 to 183 m) thick, is 
between 100 and 350 feet (30 and 107 m) 
below land surface in some areas and 
between 200 and 800 feet (61 and 244 m) 
below land surface in other areas. Clay-bed 
thickness assumed affected by water-level 
change ranged from 350 to 750 feet (107 to 
229 mI. Equal water -level change through the 
depth interval of the zone was assumed. Thus, 
the water-level change (stress change) for the 
entire thickness was assumed equal to the 
maximum water-level change. The slope of 
the curve of Figure 17 of Baker and Fol lett 
(1973) is equal to specific -unit compaction 
and is computed to be 1.27 x 10 - 5 feet - 1 (4.17 
x 10 -5 m- 1). However, this value is based on 
maximum stress and is not direct ly compara ­
ble to values given in Table 1. If Baker and 
Follett's zone represented the compacting 

interval. their value of specific-unit compaction probably is comparable to the specific-unit 
compaction (Table 1) multiplied by the ratio of maximum to average stress given in Table 1. 

On the basis of comparisons of specific -unit compaction for 1906-78 presented in Table 1. 
the susceptibility to clay compaction of each site in decreasing order is Clear Lake, Moses Lake, 
Baytown, Seabrook, Pa sadena, Houston-Northeast, Houston -Southwest, Addicks, and Lake 
Houston. Least susceptible were the clay beds at the sites most inland from the coast. With the 
exception of the Clear Lake and Seabrook sites, specific -unit compaction at points equidistant 
from the coast generally are comparable. Selection of the base of the compacting interval, 
different patterns of loading through the vert ical section, and different ratios of young, more 
compressib le clay beds to old, less compressible clay beds cause error in estimates of compress ­
ibility. The specific -unit compaction at the Clear Lake site is about 1.7 times that at the Seabrook 
site but about 4.0 times that at the Lake Houston site. 

SUMMARY AND CONCLUSIONS 

Withdrawals of ground water in the Houston -Galveston region increased from about 31 1 
Mgal / d (13.6 mJ/ s) during 1960 to about 493 Mgal / d (21 .6 ml / s)during 1967. The withdrawals 
fluctuated from 1967, with an increase to about 532 Mgal/ d(23.3 ml / s)during 1974. Because of 
conservation measures and increased use of surface water, withdra w als of ground water 
decreased to about 502 Mgalld (22.0 mJ/ s) during 1978. Following the introduction of surface 
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Table 1.--Average specific-unit conpact ion in the Ho uston-Galveston region 

-------------------- Maxlru:1 stress Aver age-sYres s --~f1O-of---~Av erageaniiuar--Cray~--specf71c _ un i f 
Site Period change change naxl nun to stress change thickness co npiICt ion 

-------~--~ 

(feet of wat er) (feet of_~ aver age s t ress (feet per )'~~ ____ (feet-l) __ 

Addicks 19(16-43 68 1.8 6.1 x 10- 6 
19~3 - 64 76 3_, 1.4 x 10- 5 
1943-73 21' 7.1 1.2 x 10- 5 
1943-78 248 7.1 1.3 X 10- 5 
1964-73 138 15.3 1.0 x 10- 5 
1973- 78 34 6.8 2.0 x 10 - 5 
1906-78 41. 316 1.31 ••• 730 1.1 x 10- 5 

Baytown 1906-43 166 4.5 1. 2 x 10- 5 
1943-64 64 3.0 5 . 8 x 10- 5 
1943-73 11. 3.8 5.4 x 10- 5 
1943_7fl 107 3.1 6 . 4 x 10- 5 
1964-73 50 5.6 5.0 x 10-5 

1973-7fl _7 -1.4 
1906-7fl 310 273 1.14 3.8 1,000 ~ .2 x 10- 5 

Clear lake 1/ 1906-43 84 2.3 8 . 1 x 10-6 

1943-64 105 5.0 3. 2 x 10-5 

1943-73 12l ' .1 5 . 6 x 10- 5 
1943_7l'l 137 3.9 6.0 x 10 - 5 

1964-73 17 1.9 2 .0 x 10- 4 

1973-7fl 15 3.0 9.0 )\ 10- 5 

1906-7R 286 221 1.29 3.1 590 4 .n x 10 - 5 

Hous to n-tbrtheast 1906- 78 522 35R 1.46 5.0 1 ,02{1 1. 5 x 10-5 

Ho us t on - 5tJ uthwes t 19n6-78 53? 366 1.45 5.1 915 1.2 x 10-5 

Lake Houston 1906-78 270 216 1.25 3.0 1,300 LOx 10- 5 

MJses Lake 2! 1906-43 73 2.0 1.1 x 10- 5 

1943-64 21 1.0 7 .8 x 10- 5 

1943_73 38 1.3 ?4x 10-5 

1943·78 3R 1.1 9.0 x 10-5 

1964-13 19 2.1 6 . 5 x 10-5 

1973·78 0 0 
1906· 78 118 110 1.07 1.5 500 3.B x 10- 5 

Pasadena 1906-43 177 '.8 4 .(1 x 10-6 

1943- 64 93 ••• 3.8 x 10- 5 

1943_73 160 5 .3 4.0 x w-5 
1943-7R 166 ~.7 4.3 x 10- 5 

1964 - 73 67 7.' 4 . 3 x 10- 5 

1973-7fl 5 1.0 1.6 x w-4 

1906. 78 387 342 1.12 ' .8 1,140 2 .3 x 10- 5 

seabrook 3! 1906-43 71 1.9 5 . 3 x 10-6 
1943-64 OR 3 . 2 3 . 3 x 10-5 

1943- 73 127 4.2 3.0 ~ Hl- 5 

1943-78 127 3.B 4 Jl x 10-5 

1964-73 69 6.6 2.5 ~ 10- 5 

1973~7B _0 .1 
10. 5 

1906·78 221 190 1.12 2.8 800 2.4 x 

Sheldon 1906. 43 75 2.0 5.2 x 10-6 

1943·64 111 5.3 8 .4 x wo6 

1906-64 399 186 2 .14 U 1,270 7 .2 x 10-6 

1/ Rase of , ompact "9 nterva l ~SSll"led " be 1,800 f eet below land surfilCe. 
2/ 8ase o f COflpact "9 nt erval ass llll ed " be 1,660 feet be low 1 and surface . 
3/ Rase of conpact "9 nterval asslned t o be 2,000 feet be l ow land s urfoce. 
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water from Lake Livingston on the Trinity River during late 1976, ground-water withdrawals 
decreased rapidly in southern Harris County, particular ly in the Pasadena area. Pumping of 
ground water increased in the western and northern parts of Harris County from 1960-78 
principally because of the increased withdrawal by the City of Houston. In the Houston area, 
where the City of Houston uses about 83 percent of the ground water being pumped, the 
withdrawal increased from about 98 MgaJ/d (4.3 m3/ s) during 1960 to 227 Mga l/d (9.9 m3/ s) 
during 1978. 

Water levels in wells generally declined in the region from the beginning of development until 
1977. The rates of decline were less after 1966 than before because the rates of ground-water 
w ithdrawal during 1966-76 remained relatively constant . Water levels declined as much as 250 
feet (76 m) in wells completed in the Chicot aquifer and as much as 300 feet (91 m) in we lls 
completed in the Evangeline aquifer during 1943-77. Since late 1976, changes in pumping 
distribution resu lting from efforts to control subsidence and the introduction of surface water 
from Lake Livingston have altered the pattern of water -level changes. In the Johnson Space 
Center and Baytown-La Porte areas (Chicot aquifer) and in the Pasadena area (Evangeline 
aquifer), water levels rose about 20 feet (6.1 m) during 1973-77. However, in the western 
Houston area (Evangeline aquifer), water levels have continued to decline at an increasing rate 
through 1977. 

Subsidence of the land surface resu lting from the withdrawal of large amounts of ground 
water may have been as much as 10 feet (3.0 m) in the Pasadena area during 1906-78. Of this 
maximum amount, almost 9.0 feet (2.7 m) occurred during 1943-78. The maximum amount of 
subsidence during 1973-78 was 1.4 feet (0.43 m). also in the Pasadena area . Based on records 
obtained from the extensometers at the Pasadena, Johnson Space Center, Seabrook, and Hous­
ton East End sites, the rate of subsidence in part of the region began to decrease during 
September 1976. The decreased rate probably was due to the regional decrease in the rate of 
water-level declines associated with the stabilization of pumping. Further decreases in the rates 
of compact ion and subsidence during late 1978 resulted from rises in the water levels which 
began during late 1976. 

Conventional leveling, extensometers, and tide gages may all be used for measuring subsi­
dence. The principal method has been to compare elevations of bench marks at specific locations 
determined at different t imes by conventional. but very precise, leveling. Borehole extensometers 
may be used to determine small changes in elevations at specific locations. They have the 
disadvantages of large initial cost and sma l l areal application, bu.t they have the advantages of 
continuous record, preciseness, and determination of the interval of compaction causing subsi­
dence. Tide gages may be used to determine changes in tide elevation between the two stations. 
This method can be used only in tidal reaches, is less precise than the other two methods, and has 
small areal application . The evaluation of tide records from five gages in Galveston Bay and the 
tidal reaches of Buffa lo Bayou indicate that changes in elevations of less than 0.5 foot (150 mm) 
and poss ibly as little as 0 .1 foot (30 mm) can be detected from tide records of the Galveston Bay 
area. The procedure for estimating different ial subsidence from tide records was kept as simple as 
possible and consisted of: (1) Determ ining monthly mean stage for each station; (2) determining 
the difference in monthly mean stage between each gage and the base gage at the railroad 
causeway at Ga lveston (adjusting the differences to zero in 1964); and (3) computing the average 
12-month moving difference for each month based on 11 previous months. Because the stage is 
affected by short -term factors such as wind and freshwater inflow, estimates of differential 
subSidence need to use at least a 1-year record. Records of moretide stations in areas of known or 
suspected subsidence along the Gulf Coast need to be evaluated. 
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The use of historic data on water-level changes and subsidence in the Houston area offers 
promise as a simple method of predicting land-surface subsidence in the Gulf Coast region w here 
subsidence has been minimal or where additional ground-water pumping is planned. Although 
existing data are inadequate to describe compressibility of fine -grained material in relation to the 
age of sediments or depth of burial, the existing data could be used for preliminary predictions of 
subsidence. 

The unit measure of compressibility, specific-unit compaction, ranged from 1.0 x l O-Sto 4.0 x 
10- 5 feet -1 (3.28 x 10 -5 to 1 .31 x 10-4 m -1 ) of compaction per foot of clay thickness per foot of 
average w ater-level change during 1906-78. The greatest compressibility was at the Clear Lake 
site, and the least compressibility was at the Lake Houston site. The data indicate that the 
compressibilities of clays at points equidistant from the coast generally are comparable. Clay 
thickness determined from the many logs available in the Texas Gulf Coast region can be applied 
to calculated water-level decline and estimated specific-unit compaction to predict subsidence 
before large-scale ground-w ater development is begun. 
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